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® (57) Abstract: A device for determining the depth of an incision from the epidermal layer to a puncture in a blood vessel in which 
^ the device includes an elongated member which has a liunen extending from a distal end to a proximal end. The distal end of the 

elongated member is configured to locate the blood vessel. After the de^'ice locates the blood vessel, a depth indicator is positioned to 
^ mark the depth ofthe blood vessel. In one embodiment, the elongated member includes a tapering interior surface which can receive a 

portion of the blood vessel. An extending control member may extend from the device at the distal end wherein the extending control 
Q meniber enters the blood vessel before the device locates the vesseL Fluid from the blood vessel enters the extending member through 
^ a vent hole and exits through an opening at the proximal end of the device, thereby providing a user with visual feedback that the 
^ device is moving in the desired direction toward the blood vesseL 
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DEVICE AND METHOD FOR DETERMINING 
A DEPTH OF AN INCISION 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The invention relates to a device and method for determining a depth of an 
incision for deployment of a closure system for blood vessel punctures. 

Brief Description of the Related Art 

A large number of diagnostic and interventional procedures involve the 
percutaneous introduction of instrumentation into a vein or artery. For example, 
coronary angioplasty, angiography, atherectomy, stenting of arteries, and many 
other procedures often involve accessing the vasculature through a catheter placed 
in the femoral artery or other blood vessel. Once the procedure is completed and 
the catheter or other instrumentation is removed, bleeding from the pimctured 
artery must be controlled. 

Traditionally, external pressure is applied to the skin entry site to stem 
bleeding from a puncture vv^ound in a blood vessel. Pressure is continued until 
hemostasis has occurred at the pimctiure site. In some mstances, pressure must be 
applied for up to an hour or more during which time the patient is imcomfortably 
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immobilized. In addition, a risk of hematoma exists since bleeding from the vessel 
may continue beneath the skin until sufficient clotting effects hemostasis. Further, 
external pressure to close the vascular puncture site works best when the vessel is 
close to the skin surface and may be unsuitable for patients with substantial 
amounts of subcutaneous adipose tissue smce the skin surface may be a 
considerable distance from the vascular puncture site. 

More recently, devices have been proposed to promote hemostasis directly 
at a site of a vascular puncture. One class of such puncture sealing devices 
features an intraluminal anchor which is placed within the blood vessel and seals 
against an inside surface of the vessel puncture. The intralimiinal anchor may be 
used in combination with a sealing material positioned on the outside of the blood 
vessel, such as collagen. Sealing devices of this type are disclosed in U.S. Patent 
Nos. 4,852,568; 4,890,612; 5,021,059; and 5,061,274. 

Another approach to subcutaneous blood vessel puncture closure involves 
the delivery of non-absorbable tissue adhesives, such as cyanoacrylate, to the 
perforation site. Such a system is disclosed in U.S. Patent No. 5,383,899. 

The application of an absorbable material such as collagen or a non- 
absorbable tissue adhesive at the puncture site has several drawbacks including: 1) 
possible injection of the material into the blood vessel causing thrombosis; 2) a 
lack of pressure directly on the blood vessel puncture which may allow blood to 



wo 01/21058 



PCT/USOO/26367 



-3- 

escape beneath the material plug into the surrounding tissue; and 3) the inability to 
accurately place the absorbable material plug directly over the puncture site. 

The use of an anchor and plug system addresses these problems to some 
extent but provides other problems including: 1) complex and difficult application; 
2) partial occlusion of the blood vessel by the anchor when placed properly; and 3) 
complete blockage of the blood vessel or a branch of the blood vessel by the 
anchor if placed improperly. Another problem with the anchor and plug system 
involves reaccess. Reaccess of a particular blood vessel site sealed with an anchor 
and plug system is not possible until the anchor has been completely absorbed 
because the anchor could be dislodged into the blood stream by an attempt to 
reaccess. 

Such puncture sealing devices are generally used in conjunction with a 
caimula or arterial dilator which dilates an access tract in the tissue before inserting 
the sealing device for placing the intraluminal or sealing plug. By using the 
cannula to dilate the access tract, the sealing device can be easily advanced into the 
tissue toward the vascular puncture. A conventional cannula C having a constant 
diameter lumen which is sized to closely accommodate a guidewire is shown in 
FIG. 1. Alternatively, the cannula may have a lumen with a diameter which 
narrows at the distal end. When these conventional cannulas are advanced into the 
access tract, the cannulas often encounter scar or muscular tissue that requires 
substantial force to advance the cannula through these layers. As shown in FIG. 1, 
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the cannula C which has a constant diameter lumen may enter the vascular 
puncture while being advanced into the access tract, or the cannula C will bounce 
against a wall of the blood vessel rather than accurately locate the blood vessel 
wall. A dilator D, shown in FIG. 2, has a tapered distal end for dilating a tissue 
5 access tract. The tapered dilator D cannot accurately locate a puncture because the 

distal end of the dilator passes through the blood vessel puncture. Accordingly, 
the sealing plug may not be accurately placed over the puncture site when a sealing 
device is used with the cannula C or the dilator D. 

Accordingly, it would be desirable to provide a device and method for 
10 accurately determining the depth of an incision by accurately locating the blood 

vessel wall for properly placing a hemostasis promoting plug over the puncture 
site. 



SUMMARY OF THE INVENTION 
The present invention relates to a device and method for accurately 
15 determining the depth of an incision that extends from the epidermal layer to the 

blood vessel wall for properly placing a hemostasis promoting plug over a 
puncture site. 

In accordance with one aspect of the present invention, a device for 
determining a depth of an incision that extends from the epidermal layer to a blood 
20 vessel mcludes an elongated member including a distal end and a proximal end, the 
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distal end having means for locating the blood vessel while impeding the distal end 
of the elongated member from entering the blood vessel. 

In accordance with another aspect of the present invention, a device for 
determining a depth of an incision that extends from an epidermal layer to a blood 
vessel puncture site includes an elongated member having a distal end, a proximal 
end, and means at the distal end for locating the blood vessel puncture site by 
capturing an edge of the blood vessel puncture and a control member extending 
from the distal end of the elongated member and configured to be received in the 
puncture site. 

In accordance with an additional aspect of the present invention, a method 
for determining a depth of an incision that extends from the epidermal layer to a 
puncture in a blood vessel includes the steps of infroducing an elongated member 
through the incision, the elongated member having a proximal end, and a distal 
end configured for locating a blood vessel while preventing the distal end of the 
elongated member from entering the blood vessel, locating the blood vessel by 
receiving a portion of a wall of the blood vessel with the distal end, and setting a 
depth indicating member to mark a depth of the puncture in the blood vessel. 

In accordance with a further aspect of the invention, a method for 
determining a depth of an incision that extends from an epidermal layer to a 
puncture in a blood vessel includes the steps of introducing an elongated member 
through the incision and providing visual feedback of a general location of the 
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blood vessel puncture by venting blood through the elongated member and 
providing specific tactile feedback of a specific location of the blood vessel 
puncture by contact between the elongated member and an exterior of the blood 
vessel puncture. 

The present invention provides a device and method which accurately 
determines the location of the blood vessel for properly placing a hemostasis over 
a puncture site. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in greater detail with reference to the 
preferred embodiments illustrated in the accompanying drawings, in which like 
elements bear like reference numerals, and wherein: 

FIG. 1 is a side cross sectional view of a punctured blood vessel and 
constant diameter arterial dilator in accordance with the prior art; 

FIG. 2 is a side cross sectional view of a punctured blood vessel and 
tapered arterial dilator in accordance with the prior art; 

FIG. 3 is a top view of a blood vessel puncture sealing kit; 

FIG. 4 is a partial cross sectional side view of a tract dilator having a 
tapering section at the distal end; 

FIG. 5 is an enlarged side cross sectional view of a portion of FIG. 4; 
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FIG. 6 is a side cross sectional view of a punctured blood vessel and a tract 
dilator for locating the puncture; 

FIG. 7 is an enlarged partial side cross sectional view of the punctured 
blood vessel and the tract dilator of FIG. 6; 

FIG. 8 is a side view of an introducer having a pledget positioned within 
the introducer staging chamber and a syringe attached to the mtroducer; 

FIG. 9 is a side view of the introducer and syringe of FIG. 8 with the 
pledget hydrated and advanced to a delivery chamber within the introducer; 

FIG. 10 is a side cross sectional view of a punctured blood vessel with the 
introducer and plunger positioned for delivery of the pledget; 

FIG. 11 is a side cross sectional view of a punctured blood vessel with the 
pledget being deposited at the puncture site; 

FIG. 12 is a side cross sectional view of a punctured blood vessel with a 
hydrated pledget deposited at the puncmre site, the guidewire removed, and the 
delivery system bemg withdrawn; 

FIG. 13 is a side cross sectional view of a punctored blood vessel with a 
hydrated pledget facilitating hemostasis of the puncture site; 

FIG. 14 is a partial cross sectional side view of a tract dilator which has a 
distal end with an internal concave shape; 

FIG. 15 is a partial cross sectional side view of a tract dilator which has a 
distal end with an internal stepped shape; 
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FIG. 16 is a partial cross sectional side view of another embodiment of a 
tract dilator which has an off-center lumen and an off-center distal end opening; 

FIG. 17 is a side view of an additional embodiment of a tract dilator with a 
control member extending from the distal end; 

FIG. 18 is an enlarged side cross sectional view of a punctured blood vessel 
and the tract dilator of FIG. 17; 

FIG. 19 is a side cross sectional view of the embodiment of FIG. 17 with 
the tract dilator abutting the blood vessel; 

FIG. 20 is a partial cross sectional side view of an additional embodiment 
of an introducer having an interior tapering section at a distal end for depth 
determination; 

FIG. 21 is a side cross-sectional view of a punctured blood vessel and the 
introducer of FIG. 20; and 

FIG. 22 is a partial side cross-sectional view of a punctured blood vessel 
and an alternative embodiment of an introducer and a pusher with a control 
member extending from the distal end. 

DETAILED DESCRIPTION OF THE PREFERRED E MBQDTMENTS 
The device and method for determining a depth of an incision according to 
the present invention is used in coimection with a delivery system for delivery of a 
bio-compatible sponge in a hydrated condition to a blood vessel puncture site to 
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achieve hemostasis. In kit form, as shown in FIG. 3, an over-the-wire delivery 
system for delivery of a bio-compatible sponge includes a tract dilator 10, an 
introducer 12, and a pusher 14. This system allows over the wire delivery of the 
sponge material directly to the puncture site to achieve hemostasis. Over-the-wire 
delivery ensures that the sponge material is properly positioned to fully occlude the 
puncture. In addition, the sponge material is delivered in a hydrated state which 
immediately expands to stop blood flow through the puncture. The introducer 
allows the delivery of more sponge material through a smaller tract by hydrating 
and compressing the absorbable sponge material. 

Prior to discussing the present invention in further detail, the following 
terms are defined: 

"Pledget" means a piece of sponge formed into a generally elongated shape 
having a size which allows delivery in a hydrated state through a delivery cannula 
or introducer to a site of a puncmre in a blood vessel. 

"Sponge" means a biocompatible material which is capable of being 
hydrated and is resiliently compressible in a hydrated state. Preferably, the sponge 
is non-immunogenic and may be absorbable or non-absorbable. 

"Absorbable sponge" means sponge which when implanted within a human 
or other mammalian body is absorbed by the body. 

"Hydrate" means to partially or fully saturate with a fluid, such as, saline, 
water, contrast agent, thrombin, therapeutic agents, or the like. 
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" Kneading" of the absorbable sponge material means both dry and wet 
manipulation of sponge material which compresses, enlarges, or changes the shape 
of the sponge material causing the sponge material to have improved expansion 
response. 

The tract dilator 10, as illustrated in FIGS. 3-7, includes a stem-portion 32, 
a proximal end 22, a distal end 20, and a lumen 24 extending from the proximal 
end to the distal end of the tract dilator. The lumen 24 is provided to allow the 
tract dilator 10 to be received over a guidewire 26, which extends through the 
puncture wound 64 into the blood vessel 66. The diameter dj of the lumen 24 is 
about .040 to .120 inches, preferably about .050 to .090 inches, and should loosely 
accommodate a guidewire 26, as shown in FIGS. 6 and 7. 

The stem-portion 32 of the tract dilator 10 may have a constant outer 
diameter dj or may taper slightly to a smaller outer diameter at the distal end 20. 
The outer diameter of the tract dilator distal end 20 is configured so that the tip 
of the tract dilator will not pass into the blood vessel 66 but will stop and provide 
tactile feedback when it reaches the external wall of the blood vessel. The distal 
end 20 can be provided with rounded edges 28 to prevent catching on 
subcutaneous tissue 68 as the tract dilator 10 is inserted through the epidermal 
outer layer 70 and subcutaneous tissue 68 to the blood vessel puncture site 64. 

An internal tapering surface 18 is provided at the distal end 20 of the tract 
dilator 10. The tapered surface 18 extends from the lumen 24 having a diameter d. 
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to the distal end 20 which has an internal larger diameter dj. As shown most 
clearly in FIG. 5, the tapering surface 18 forms an angle 6, relative to a 
longitudinal axis A of the tract dilator 10. The angle 0 can range from 0° to 90° . 
Preferably, the angle 0 formed between the tapering surface 18 and the 
longitudinal axis A of the tract dilator 10 is about 20° to 70°. The diameter of 
the distal opening should be greater than 50% of the outer diameter dj of the tract 
dilator, but can range from 20% to 100%, preferably about 50% to 90% of the 
outer diameter d^. The length L of the tapering surface 18 is about .010 inches or 
larger, preferably about .020 to .100 inches. The tapering surface 18 provides a 
means for locating the blood vessel while impeding the distal end of the dilator 10 
from entering the blood vessel. 

A depth indicator 30 is positioned around the stem portion 32 of the tract 
dilator 10 and is movable in an axial direction. Once the tract dilator 10 has been 
inserted until the distal end 20 abuts the external wall of the blood vessel 66, as 
shown in FIGS. 6 and 7, the depth indicator 30 is manually positioned near the 
epidermal outer layer 70 of the patient's skin. Alternatively, the depth indicator 
30 can be pushed to a depth mdicating position adjacent to the epidermal outer 
layer 70 as the dilator is inserted. Preferably, the depth indicator 30 is an elastic 
ring which is slidably movable in an axial direction on the tract dilator 10 and 
maintains a measured position for comparison with the introducer 12. 
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The elongated member 32 is made of a material with a hardness not lower 
than 50 D durometer. In addition, a portion of the elongated member 32 is 
provided with a friction reducing material resulting in the outer surface of the 
elongated member having a low friction resistance. 

FIGS. 8-13 illustrate steps for delivery of a sponge pledget accurately to a 
blood vessel puncture site after the depth of the incision has been determined. The 
introducer 12, shown in FIGS. 8 and 9, includes a staging chamber 34 for 
receiving a sponge pledget 40 and a delivery chamber 36 for receipt of a hydrated 
and compressed pledget from the staging chamber. A tapered section 38 is 
provided between the staging chamber 34, which has a larger diameter lumen, and 
the delivery chamber 36, which has a smaller diameter lumen. The tapered section 
38 of the introducer 12 acts as a compression member to compress the hydrated 
pledget 40 into the delivery chamber. The introducer 12 also includes a luer 
fitting 42 at a proximal end for coimection to a conventional syringe and wing 
members 44 for use in grasping the introducer. 

The sponge pledget 40 is formed from a sheet of sponge material which has 
been cut into a rectangular shape and rolled to form a compact, substantially 
cylindrical, elongated pledget. The pledget 40 is sized to be received within the 
stagmg chamber 34 of the introducer 12 in a dry rolled state. 

Once the pledget 40 has been inserted into the staging chamber 34 of the 
introducer 12, a conventional syringe 50 containing a hydrating fluid, such as 
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saline, is connected to the luer fitting 42, as shown in FIG. 8. The pledget 40 is 
then hydrated within the staging chamber 34 by injecting a fluid into the staging 
chamber from the syringe 50 causing the pledget to swell, partially or fully 
blocking the lumen of the introducer. The partial hydration or wetting of the 
exterior surface of the pledget 40 creates a lubricous surface on the pledget. The 
hydrated pledget 40 is then forced into the delivery chamber 36 by injecting 
additional fluid with the syringe 50 to force the pledget through the tapered section 
38 to the delivery chamber 36. For a somewhat smaller pledget 40 which does not 
entirely block the lumen of the introducer 12 after hydrating, the venturi effect will 
help draw the pledget into the delivery chamber 36. 

As shown in FIG. 9, a finger may be placed over the distal end of the 
introducer 12 during delivery of the pledget 40 to the delivery chamber 36 to 
prevent the pledget from being ejected from the introducer by the pressure of the 
fluid. Preferably, one or more vent holes 46 are provided in the side walls of the 
introducer adjacent the distal end to allow air and liquid to escape from the 
introducer while the pledget 40 is positioned for delivery. These vent holes 46 are 
small enough to prevent the pledget 40 from passing substantially into or through 
the vent holes. 

The introducer 12 also includes a depth indicator 52 which is an axially 
movable member used to indicate the depth to which the introducer should be 
inserted into the patient to achieve the proper positioning of the pledget 40 at the 
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puncture site 64. The depth indicator 52 of the introducer 12 is aligned with the 
depth indicator 30 on the tract dilator 10 to achieve proper pledget positioning. 

The introducer 12 may be formed in any known manner such as by 
injection molding from a plastic material. Preferably, the introducer 12 is 
transparent so that the pledget 40 can be viewed through the introducer and the 
user can visually confirm the pledget position. The introducer lumen may be 
provided with a friction reducing coating for improved pledget delivery. The 
delivery fluid also reduces friction for improved delivery by wetting the exterior 
surface of the pledget. 

The pusher 14, as illustrated in FIGS. 3 and 10, includes a distal end 56 
which is configured to slide within the lumen of the delivery chamber 36 of the 
introducer 12. Preferably, there is a very small clearance or a resilient 
interference between the outer diameter at the distal end 56 of the pusher 14 and 
the inner diameter of the delivery chamber 36 to prevent portions of the pledget 
fi-om getting caught between the pusher and the introducer 12. A resilient pusher 
distal end 56 or a sealing member on the pusher 14 may be used to accomplish or 
approach a resilient fit between the introducer 12 and the pusher. 

The pusher 14 also may include a male luer fitting 58 for connecting the 
proximal end of the pusher to the proximal end of the introducer 12 after pledget 
delivery. The male luer fitting 58 acts as a stop to limit the motion of the pusher 
14 with respect to the introducer 12. When the pusher 14 is locked to the 
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introducer 12, the two may be used together to apply localized compression to the 
puncture site 100. A female luer fitting 60 may also be included at the proximal 
end of the pusher 14 for connection of a syringe to the pusher for injection of a 
beneficial agent through the pusher. 
5 One method of delivering an absorbable sponge pledget 40 to facilitate 

hemostasis of a blood vessel puncture wound 64 will now be described with 
respect to the steps illustrated in FIGS. 6-13. After an intravascular procedure 
has been completed, a guidewire 26 is already in an incision and passes through 
the subcutaneous tissue 68 into the blood vessel 66. Alternatively, if a guidewire 

10 26 is not already in place, then the guidewire is inserted through an access sheath 

used in the intravascular procedure and the access sheath is then removed. The 
guidewire 26 is maintained in the incision with a proximal end extending from the 
patient's body and a distal end extending through the epidermal outer layer 70 and 
subcutaneous tissue 68, through the blood vessel puncture 64, and into the blood 

15 vessel 66. The guidewire 26 has a certain stiffness so that it raises the anterior 

proximal lip 62 of the blood vessel 66. Preferably, in a region proximal to the 
anterior proximal lip 62, the guidewire 26 has a stiffness which is equal to or 
greater than that of a .025" diameter, 300 series stainless steel wire. By 
advancing the tract dilator 10 over a guidewire which has a certain stiffness, the 

20 guidewire guides the tract dilator and prevents said tract dilator from catching on 

the subcutaneous tissue as the dilator advances in the incision. Additionally, a 
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guidewire which has a small diameter can favorably raise the anterior proximal lip 
62 of the blood vessel 66. 

As discussed above, the tract dilator 10 is threaded over the guidewire 26 
and advanced down into the incision through the subcutaneous tissue 68 to an 
exterior wall of the blood vessel 66. Resistance is felt when the tract dilator distal 
end 20 contacts the exterior wall of the blood vessel 66 since the tract dilator 10 is 
configured to resist passing through the blood vessel puncture 64 and into the 
blood vessel. The tract dilator distal end 20 receives the raised anterior proximal 
lip 62 of the blood vessel 66 (shown in FIG. 7) and impedes the distal end from 
entering the blood vessel. By attempting to further insert the tract dilator 10 into 
the incision, the guidewire 26 biases the anterior proximal lip 62 toward the 
tapering surface 18, thereby catching said anterior proximal lip and providing 
further resistance. Thus, the tract dilator 10 provides tactile feedback to the user 
of the blood vessel location. The dilator is advantageously made from a stiff or 
rigid material, providing an enhanced ability to advance through subcutaneous 
tissue and providing one-to-one tactile feedback to the user. Such stiff material 
may comprise any suitable material including, but not limited to, rigid polyvinyl 
chloride (PVC), polycarbonate, or a metal such as stainless steel. 

The outside surface of the stem-portion 32 of the tract dilator 10 is 
preferably provided with a friction reducing overlay to facilitate advancing the 
tract dilator through the subcutaneous tissue 68. By reducing the amount of force 
necessary to advance the tract dilator 10 through tissue layers, the user can more 
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easily distinguish when the tract dilator is passing through subcutaneous tissue as 
compared to contacting the exterior of the blood vessel. The friction reducing 
overlay is selected such that the coefficient of friction between the outside surface 
of the stem portion 32 and subcutaneous tissue 68 is reduced by about 10%, 
preferably by about 20%, more preferably by 30%, yet more preferably by about 
40%, and more preferably by about 50%, and yet more preferably by more than 
50% . The friction reducing overlay may also be provided on the walls of the 
lumen 24 to facilitate introducing the tract dilator 10 over the guidewire 26. 

The depth indicator 30 on the tract dilator 10 is moved to abut the 
epidermal layer 70, thereby indicating a distance from the outer skin surface to the 
blood vessel puncture site 64. The tract dilator 10 is then removed over the 
guidewire 26 and the introducer depth indicator 52 is aligned with the tract dilator 
depth indicator 30. 

A sheet of sponge material is cut mto a rectangle, is rolled tightly lo form a 
pledget 40, and is placed into the staging chamber 34 of the introducer 12. The 
steps of cutting and rolling the pledget 40 and placing the dry pledget in the 
introducer staging chamber 34 may be performed before or after the intravascular 
procedure. Alternatively, the introducer 12 may be provided preloaded with a 
prepared pledget 40. With the pledget 40 placed in the introducer, the syringe 50 
is filled with a hydrating fluid such as salme, thrombin, contrast agent, other 
therapeutic agent, or the like and attached to the introducer 12, as illustrated in 
FIG. 8. Fluid is injected slowly into the introducer 12 to hydrate the pledget 40. 
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The user then pauses to allow hydration and initial swelling of the pledget 40. 
Sufficient hydration may occur in about 20 to 30 seconds or less depending on the 
size of the pledget 40. 

As shown in FIG. 9, the user then places a finger over the distal end of the 
introducer 12 and injects fluid with the syringe 50 to force the pledget 40 through 
the tapered section 38 and into the smaller end or delivery chamber 36 of the 
introducer 12. Injection of fluid is stopped when the pledget 40 is positioned at 
the distal end of the delivery chamber 36. At this point the syringe 50 is removed 
and the introducer is loaded over the proximal end of the guidewire 26 for the 
delivery of the pledget 40 to the puncture site. 

As shown in FIG. 10, a proximal end of the guidewire 26 is fed into the 
distal end of the introducer 12 though the hydrated and compressed pledget 40 and 
out the proximal end of the introducer. Preferably, the guidewire 26 is fed 
through substantially the center of the pledget 40 to ensure that the implanted 
pledget is centered over the blood vessel puncture 64. Alternatively, the 
guidewire may be inserted along a side of the pledget 40, through a separate 
second lumen of the introducer, through an axial lumen in the pledget, or through 
a low density center of the pledget. 

After feeding the guidewire 26 through the introducer 12, the guidewire 26 
is fed through the pusher 14 and the pusher is advanced into the introducer until 
the distal end 56 of the pusher is in contact with the pledget 40. The introducer 12 
and pusher 14 are then advanced together down though the epidermal layer 70 and 
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the subcutaneous tissue 68 until the depth indicator 52 on the exterior of the 
introducer is at the skin level. 

In the step illustrated in FIG. 1 1, the pusher 14 is held stationary while the 
introducer 12 is withdrawn proximally preferably to a distance of about 75% of 
the length of the compressed, hydrated pledget 40. This 75% withdrawal distance 
may be indicated with an appropriate marker on the introducer 12 or the plunger 
14 or by contact between the fittings 42, 58 of the introducer and plunger. The 
portion of the pledget 40 ejected into the tissue quickly expands upon delivery to 
fill the available space and provide localized compression. With the pusher 14 and 
introducer 12 in the position illustrated in FIG. 1 1 and the pledget 40 partially 
ejected, a slight forward pressure is maintained by the operator on the introducer 
and pusher to increase local compression for a period of time of approximately 1 
minute to allow hemostasis to begin. The forward pressure causes the pledget 40 
to be compressed around the puncture site, as shown in FIG. 11. 

The guidewire 26 is then completely removed from the introducer 12 and 
the pusher 14. The introducer 12 is withdrawn the remaining approximately 25% 
by engaging the fitting 58 of the pusher with the female luer fitting 42 of the 
introducer to completely discharge the pledget 40 into the subcutaneous tissue 68 
above the puncture site 64. A slight forward pressure can then be maintained by 
the operator on the introducer 12 and pusher 14 for approximately 1 minute before 
the introducer and pusher are removed from the tissue tract, as shown in FIG. 12, 
leaving the sponge pledget 40 positioned against the outer vessel wall, as shown in 
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FIG. 13, providing local compression and facilitating hemostasis. The delivered 
pledget 40 maintains hemostasis until healing of the blood vessel 66 occurs. The 
pledget 40 is absorbed by the body over time. 

One type of absorbable sponge material which is acceptable for use in the 
present invention is Gelfoam'^'^, manufactured by the Pharmacia & Upjohn 
Company. Gelfoam™ is a porous, pliable, cross-linked gelatin material and is 
available commercially in sheet form as pre-compressed or non-compressed 
sponge. The material may be provided preformed as a pledget 40 or may be cut 
with a punch, or a stencil, or template and knife and rolled to form a pledget as 
described above. Once hydrated, the pledget 40 can be easily compressed to fit 
into a limien having a smaller cross sectional area than the original cross sectional 
area of the pledget. Additionally, the kneading of the hydrated pledget 40 during 
delivery encourages air trapped within the Gelfoam™ to be expelled and replaced 
with fluid, allowing rapid expansion upon delivery. When a pledget 40 of a pre- 
compressed Gelfoam™ is hydrated and kneaded (expellmg air) during delivery, 
the pledget will have the absorption capacity to rapidly expand to many times 
(e.g., 3 or more times) its original dry volume upon delivery. When a pledget 40 
of the non-compressed Gelfoam™ is hydrated and kneaded (expelling air) during 
delivery, the pledget will have the absorption capacity to rapidly expand to its 
original dry volume upon delivery. These properties make the Gelfoam™ sponge 
material particularly useful for facilitating hemostasis of blood vessel punctures. 
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Abrupt lumen diameter changes within the introducer 12, such as at the 
tapered section 38, will improve "kneading" of the absorbable sponge material 
passing through the introducer. Manipulation of the dry absorbable sponge 
material, such as the rolling of the pledget 40, also provides kneading. Kneading 
improves hydration of the sponge material thereby improving the expansion 
properties of the hydrated delivered absorbable sponge. 

As illustrated in FIG. 14, an alternative embodiment of a tract dilator 110 
is substantially similar to the embodiment shown in FIG. 4, except that the 
tapering surface 118 has a substantially concave spherical shape. It is understood 
that the tapering surface 1 18 may further be formed as a convex surface, 
counterbore, or any form known to those skilled in the art. 

A fiirther embodiment of a tract dilator 210 is substantially sunilar to the 
embodiment of FIG. 4, except that the tapering surface 218 is a generally stepped 
configuration, as shown in FIG. 15. Where the tapering surface 218 has a 
generally stepped configuration, the distal end 220 of the tract dilator 210 can 
further provide a means to capture the external blood vessel wall and thereby 
provide the user with additional tactile feedback. 

In the embodunent of FIG. 16, a tract dilator 310 has a substantially 
similar structure as in FIG. 4, except that the lumen 324 is off-center from the 
longitudinal axis A of the tract dilator. Preferably, the lumen is off-set by a 
distance such that a portion of the tapering surface 318 which is positioned to 
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receive the anterior proximal lip has the maximum radial extension from said 
lumen. 

Another alternative embodiment of a tract dilator 410 is illustrated in FIG. 
17 in which an extending control member 472 extends from the tapering surface 
418 and beyond the distal end 420 of the tract dilator 410. The extending control 
member 472 is configured to provide feedback means from the blood vessel to the 
user. Such feedback indicates to the user that the fract dilator is advancing in the 
desired direction toward the blood vessel. The extending control member 472 
includes a proximal end 474, a distal end 478, and a lumen 476 which extends 
from the proximal end to the distal end. The lumen 476 is sized to accommodate a 
guidewire 426. The distal end 478 has at least one vent hole 480. The lumen 476 
tapers from a first diameter at the proximal end 474 to a second, smaller diameter 
at the distal end 478 in which the distal end fits closely around the guidewire. The 
lumen 476 of the extending confrol member 472 is in fluid communication with 
the lumen 424 of the fract dilator 410. The extending control member 472 extends 
from the tapering surface 418 of the fract dilator 410 by about 0. 10 to 6 inches, 
preferably by about 3 to 5 inches. 

As shown in FIG. 18, after the lumen 424 of die tract dilator 410 is 
introduced over a guidewire 426, the fract dilator is advanced into the incision 
through the subcutaneous tissue 468 to an outside surface of the blood vessel 466. 
Before the distal end 420 of the dilator 410 abuts the external wall of the blood 
vessel 466 at the puncture wotmd 464, a portion of the extending confrol member 
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472 passes into the blood vessel. A close fit between the distal end 478 and the 
guidewire 426 prevents fluid in the blood vessel 466 from entering into the lumen 
476 at that location; however, as the extending control member 472 advances 
further into the blood vessel, blood may enter into the lumen of the extending 
member through the vent hole 480, in the direction of arrow B. The extending 
member 472 is preferably manufactured from a flexible material to prevent said 
extending member from catching on subcutaneous tissue 468 as said member 
advances through the patient's skin and tissue to the puncture site 464. 

The blood 482 exits the lumen 424 in the tract dilator 410 at the proximal 
end 422, as illustrated in FIG. 19, therein providing the user with visual feedback 
that the dilator is approaching the desired location with respect to the blood vessel 
466. Then when the distal end 420 of the dilator 410 abuts the wall of the blood 
vessel 466 at the puncmre site 464, resistance is felt since the tract dilator 410 is 
configured to resist passing through the blood vessel puncture and into the blood 
vessel. The tapering surface 418 at the distal end 420 receives the anterior 
proximal lip 462 of the blood vessel 466 and impedes the distal end from entering 
said blood vessel. By attempting to further insert the tract dilator 410 into the 
incision, the guidewire 426 biases the anterior proximal lip 462 toward the 
tapering surface 418, thereby catching said anterior proximal lip and providing the 
user tactile feedback that the blood vessel 466 has been located. Accordingly, this 
provides the user with visual and tactile feedback when the tract dilator is used to 
locate the blood vessel wall. 
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The exterior surface of extending control member 472 further provides the 
benefit of limiting or preventing fluid from exiting out of the puncture site 464 
since the extending member will substantially occlude said puncture 464. Thus, 
the extending member 472 prevents fluid from exiting the blood vessel through the 
puncture site and into the surrounding tissue and controls the puncture site. 
Alternatively, by partially occluding the puncture site 464, the extending control 
member 472 ai\ov/s the physician to prevent fluid from exiting the blood vessel 
through said puncture and into the surroimding tissue by applying pressure. 
Typically, pressure is applied at the epidermal surface at a position directly over 
or proximal to the puncture site 464. It is understood that the extended member 
can be provided without a vent 480 if controlling the amount of fluid from exiting 
the blood vessel through the puncture site is the only additional benefit desired. 

Although the use of a tract dilator 10 has been described above, the 
introducer 12 can be used in place of the tract dilator, and the depth determining 
step can be performed while inserting the introducer, particularly where a plastic 
sheathed guidewire, other friction reducing guidewire, or other friction reducing 
feature is used. The use of the introducer 12 as the dilator eliminates errors which 
may occur in accurately setting the depth indicator 52 on the introducer. 

As shown in FIG. 20, an alternative embodiment of an introducer 212 
includes a distal end 246, a proximal end 242, and a tapering interior surface 248 
at the distal end. The tapering surface 248 has a substantially similar structure and 
function to the tapering surface 18 of the tract dilator 10. As illustrated in FIG. 
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21 , a guidewire 226 is fed into the distal end 246 of the introducer 212 through the 
hydrated and compressed pledget 240 and out the proximal end 242 of the 
introducer. The guidewire 226 has a certain stiffaess so that it raises the anterior 
proximal lip 262 of the blood vessel 266. The guidewire 226 is fed through the 
pusher 214, and the pusher is advanced into the introducer until the distal end 256 
of the pusher is in contact with the pledget 240. The introducer 212 and pusher 
214 are advanced together down into the incision through the subcutaneous tissue 
268 to an outside surface of the blood vessel 266. The introducer distal end 246 
receives the raised anterior proximal lip 262 of the blood vessel and impedes the 
distal end from entering said blood vessel. Once the introducer 212 has been 
inserted until the distal end 246 abuts the external wall of the blood vessel 266, the 
pledget can be delivered in the manner described previously. 

As shown in FIG. 22, a pusher 314 is positioned internally of an introducer 
312 as described above with a tapering internal surface 348. The pusher 314 has a 
proximal end 374 and a distal end 378 including a step 375 and an extending 
control member 372. The extending control member 372 includes a limien 376, 
the lumen extending from the proximal end to the distal end. The extending 
control member 372 is configured to provide feedback means from the blood 
vessel 366 to the user and control of the puncture site in a substantially similar 
maimer as with the tract dilator extending control member 472 of FIGS. 17 and 
18. The feedback from the blood vessel 366 indicates to the user that the 
introducer 312 is advancing in the desired direction toward the blood vessel. The 
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pledget 340 can be delivered as described above, with the additional benefit of the 
extending control member 472. 

A fiirther embodiment of an introducer/pusher system may be used for 
dilation in which the pusher or obturator used durmg dilation and depth 
determination is different from the pusher which is used for delivery of the 
pledget. The pusher for use during dilation preferably has a luer lock at a 
proxmial end which locks to the proximal end of the introducer and has a length 
such that the distal ends of the pusher and introducer are aligned. As in the 
previous discussion, the introducer has a tapering interior surface at the distal end 
which receives a portion of the blood vessel and impedes the distal end from 
enteruig said blood vessel. Alternatively, the pusher may have the interior 
tapering surface. After setting of the depth indicator on the introducer with the 
dilation pusher in place, the system is then removed from the tissue tract and the 
dilation pusher is removed from the introducer. The introducer is then prepared 
for delivery of the pledget by hydrating and staging the pledget within the 
introducer and the delivery pusher is inserted in the introducer. The introducer is 
then reintroduced over the guidewke and advanced into the tissue tract to the 
depth indicated by the depth indicator. In this manner, reliable, accurate, and 
repeatable placement of the pledget is performed without the use of a separate tract 
dilator. 

According to yet another use, the introducer is inserted to the pledget 
delivery site through a sheath. In this method, the sheath with a removable dilator 
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positioned inside the sheath is advanced over the guidewire into a tissue tract to 
establish the location of an arterial puncture site. The removable dilator includes a 
tapering surface at a distal end for receiving a portion of the blood vessel and 
impedmg the dilator from entering the blood vessel. Once the exterior wall of the 
vessel has been located by tactile feedback, the dilator is withdrawn leaving the 
sheath in place. The introducer with prepared pledget and pusher are then inserted 
into the sheath over the guidewire. The introducer may be locked to the sheath, 
such as by a luer lock. This will position the distal end of the introducer at the 
distal end of the sheath in preparation for pledget delivery. The combined sheath 
and introducer system is used to deposit the pledget in the manner described 
above. 

Among other advantages, the absorbable sponge delivery system permits 
the delivery of more absorbable sponge material down a smaller tract by 
hydrating and compressing the absorbable sponge material. The over the wire 
delivery method ensures that the absorbable sponge pledget is delivered directly 
over the puncture site and remains in the proper position while hemostasis is 
achieved. The vessel depth indicator system ensures that the absorbable sponge 
material is positioned adjacent the exterior of the blood vessel and does not extend 
into the blood vessel to possibly induce thrombosis. 

The absorbable sponge material can be absorbed by the body in a period of 
time between several days and several months depending on the absorbable sponge 
material used. However, the pledget material may be engineered to provide 
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different rates of absorption. Preferably, the pledget 40 is designed to be absorbed 
in less than one month. 

Although the tract dilator and introducer are primarily intended for 
delivery of absorbable sponge, non-absorbable sponge may also be delivered with 
5 the devices, systems, and methods. A non-absorbable sponge may be desirable 

where it will be necessary to locate the blood vessel puncture after the procedure. 

While an amorphous or discontinuous sponge structure may be used in the 
present invention, a continuous structure of the delivered absorbable sponge 
pledget 40 provides more secure and reliable placement of a plug of material 
10 against the blood vessel puncture than a paste or liquid. The continuous sponge 

strucmre can even facilitate partial withdrawal, removal, or movement of the 
ejected pledget. 

The absorbable sponge material can be hydrated with a clotting agent such 
as thrombin, a contrast agent, another beneficial agent, a combination of agents, 
15 or the like. Alternatively, the pledget material itself may contain an agent such as 

a clotting agent, a contrast agent, another beneficial agent, a combination of 
agents, or the like. 

The absorbable sponge pledget may be presoaked with a beneficial agent 
such as thrombin for delivery of the beneficial agent to the punctured blood vessel. 
20 Alternatively, the pledget may be hydrated with a beneficial liquid agent used as 

the hydrating fluid within the syringe 50. Further, the beneficial agent may be 
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delivered to the pledget after the pledget is ejected at the blood vessel puncture site 
through the lumen of the pusher 14 or through the introducer 12. 

The treatment of a blood vessel puncture with a hydrated and injected 
pledget 40 of absorbable sponge to facilitate hemostasis provides substantial 
advantages in comfort over external pressure methods. In addition, the present 
invention also provides advantages over the insertion of an absorbable sponge 
material in a dry state or injection of a liquid or paste. In particular, the hydration 
and manipulation or "kneading" of the hydrated Gelfoam™ pledget 40 as it is 
passed through the introducer 12 unproves the expansion and absorption 
characteristics of the Gelfoam'^'^. The injected Gelfoam'^'^ conforms in shape 
quickly to the shape of the puncmre site and immediately begins blocking blood 
flow through the puncture site and providing local compression. In contrast, a dry 
piece of sponge material does not swell until the blood has sufficiently samrated 
the sponge material, which can take up to hours. The hydrated and kneaded 
sponge material will expand to a larger size much more quickly when wetted than 
a piece of dry sponge material when wetted. 

Because the amount of subcutaneous fat and tissue between the epidermal 
layer 106 and the blood vessel 102 varies between patients from approximately 0.5 
cm to 15 cm or more, the system may be provided in different lengths for use in 
different patients. The pledget 40 size and shape may also be varied for different 
patients. The absorbable sponge material should form a complete plug over the 
puncmre site without expanding into the blood vessel or exiting the skin of the 
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patient. In some instances where the amount of subcutaneous tissue is great it 
may be desirable to deliver multiple pledgets 40 in spaced apan positions along the 
tract leading to the puncture site. 

The particular size and shape of the tract dilator 10 may vary depending on 
the size of the access site, amount of subcutaneous tissue, and the size of pledget 
40 to be delivered. The particular length of the tract dilator 10 depends on the 
subcutaneous tissue depth of the patient. 

The invention also includes several embodiments of methods of using a 
device for determining the depth of an incision that extends from the epidermal 
layer to a blood vessel. The method as illustrated in FIGS. 6 and 7, comprises 
the steps of introducing an elongated member 32 through an incision, the 
elongated member having a proximal end 22, and a distal end 20 configured for 
locating a blood vessel 66 while impending the distal end of the elongated member 
from entering the blood vessel, locating the blood vessel by receiving a portion of 
a wall of the blood vessel with the distal end. Once the wall of the blood vessel 66 
has been located the operator sets a depth indicating member 30 to mark a depth of 
the blood vessel 66. 

In another embodiment of the method, the elongated member 32 is 
introduced over a guidewu-e 26 into a tissue tract. The guidewire 26 has a 
preselected stiffness to raise a portion of an anterior proximal lip 62 of a blood 
vessel 66 adjacent to a blood vessel ptmcture 64. The elongated member 32 is 
introduced until an elastic recoil is mtroduced on the blood vessel 66. The elastic 
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recoil is felt by the operator of the elongated member 32 as the distal end 20 
catches the anterior proximal lip 62 of the puncture site 64. 

The guidewire 26 directs the wall of the blood vessel 66 to be received by 
the elongated member 32. The diameter of the elongated member 32 is larger than 
5 the diameter of the puncture of the blood vessel 66. The guidewire 26 pushes the 

anterior proximal lip 62 into the interior surface of the elongated member 32. The 
force vector generated by the anterior proximal lip 62 on the elongated member 32 
represents the elastic recoil used to identify the location of the artery and puncture 
site 64. 

10 In another embodiment, the elongated member 32 can be introduced to 

determine a depth of the incision before the placement of a procedural sheath and 
before an intervascular procedure has ben performed. Alternatively, the elongated 
member 32 can be introduced after the placement of a procedural sheath and after 
a procedure has been completed, or after removal of the procedural sheath. 

15 In another embodiment, the depth of the incision can be determined by 

inserting a portion of an extending control member 472 into the blood vessel, 
wherein the extending control member at least partially occludes the puncture in 
the blood vessel wall. Fluid from the blood vessel will enter the extending control 
member 472, and the fluid from the blood vessel becomes visible to communicate 

20 with the operator by providing visual feedback to the operator. 

While the invention has been described in detail with reference to the 
preferred embodiments thereof, it will be apparent to one skilled in the art that 
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various changes and modifications can be made and equivalents employed, without 
departing from the present invention. 
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WHAT TS CLAIMED IS : 

1 . A device for determining a depth of an incision that extends from an 
epidermal layer to a blood vessel, the device comprising: 

an elongated member including a distal end and a proximal end, the distal 
5 end having means for locating the blood vessel while unpeding the distal end of 

the elongated member from entering the blood vessel. 

2. The device according to Claim 1 , wherein the elongated member has a 
constant outer diameter. 

3. The device according to Claim 1, wherein the elongated member has an 
10 outer diameter which progressively decreases to a smaller outer diameter at the 

distal end. 

4. The device according to Claim 1, wherein the elongated member has a 
lumen extending from the distal end to the proximal end. 



15 



5. The device according to Claim 4, wherein the lumen is centered within the 
elongated member. 
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6. The device according to Claim 4, wherein the lumen is off-center along 
the longitudinal axis of the elongated member. 

7. The device according to Claim 4, wherein the distal end of the lumen of 
the elongated member has a tapered shape. 

5 8. The device according to Claim 7, wherein the tapered surface at the distal 

end of the Ixmien has a substantially conic shape. 

9. The device according to Claim 7, wherein the tapered surface at the distal 
end of the limien has a substantially concave spherical shape. 

10. The device according to Claim 7, wherein the tapered surface at the distal 
10 end of the lumen has a substantially stepped configuration. 

1 1 . The device according to Claim 4, wherein the outer diameter of the lumen 
at the distal end of the elongated member is about 50% to 99% of an outer 
diameter of the elongated member. 
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12. The device according to Claim 4, wherein the lumen at the distal end has a 
diameter of about .050 to . 160 inches. 
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13. The device according to Claim 1, wherein the elongated member is made 
of a material with a hardness of at least 50 D. 

14. The device according to Claim 1 , wherein a portion of the elongated 
member is made of a friction reducing material. 

5 15. The device according to Claim 1, wherein the elongated member is made 

of a friction reducing material. 

16. The device according to Claim 1, further comprising a depth indicating 
member positioned on an exterior of the elongated member and movable in an 
axial direction with respect to the elongated member. 

10 17. The device according to Claim 16, wherein the depth indicating member is 

an elastic ring. 

18. The device according to Claim 1, wherein an extending control member 
extends from a tapered surface and beyond the distal end of the elongated member. 
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19. The device according to Claim 18, wherem the extending control member 
includes a proximal end, a distal end, and a lumen which extends from the 
proximal end to the distal end. 
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20. The device according to Claim 19, wherein the extending control member 
is configured to occlude and control a puncture in the blood vessel. 

21. The device according to Claim 19, wherein the distal end of the extending 
member has at least one vent hole for allowing a fluid to enter the lumen of the 
extending member. 

22. The device according to Claim 19, wherein the lumen of the extending 
member tapers fi:om a first diameter at the proximal end to a second smaller 
diameter at the distal end. 

23. The device according to Claim 19, wherein the extending member extends 
from the tapered surface of the device by about . 10 to 6 inches. 

24. The device according to Claim 19, wherein the extending member is 
formed from a flexible material to prevent the extending member from catching on 
subcutaneous tissue as the extending member advances through the patient's skin 
and tissue at the puncmre site. 

25. A device for determining a depth of an incision that extends from an 
epidermal layer to a blood vessel puncture site, the device comprising: 



wo 01/21058 



PCT/USOO/26367 



-37- 

an elongated member having a distal end, a proximal end, and means at the 
distal end for locating the blood vessel puncture site by capturing an edge of the 
blood vessel puncture; and 

a control member extending from the distal end of the elongated member 
and configured to be received in the puncture site. 

26. The device according to Claim 25, further comprising a vent provided in 

the control member for venting fluid from the control member to the proxknal end 
of the elongated member to provide an indication of location of the control 
member in the blood vessel. 

27. The device according to Claim 25, wherein control member is tapered. 

28. The device according to Claim 25, wherein the control member has a 
tapered Itmien. 

29. A method for determining a depth of an incision that extends from an 
epidermal layer to a puncture in a blood vessel, the method comprising the steps 
of: 

introducing an elongated member through the incision, the elongated 
member having a proximal end, and a distal end configiu-ed for locating a blood 
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vessel while preventing the distal end of the elongated member from entering the 
blood vessel; and 

locating the puncture in the blood vessel by receiving a portion of a v/all 
of the blood vessel with the distal end. 

30. The method for determining a depth of an incision according to Claim 29, 
wherein the elongated member is introduced over a guidewire into a tissue tract. 

31 . The method for determining a depth of an incision according to Claim 30, 
wherein the guidewire has a preselected stiffness to raise a portion of the wall of 
the blood vessel adjacent to the puncture. 

32. The method for determining a depth of an incision according to Claim 30, 
wherein the guidewire directs the wall of the blood vessel to be received by the 
elongated member. 

33. The method for determining a depth of an incision according to Claim 29, 
wherein the elongated member is introduced until an elastic recoil is produced by 
the blood vessel. 

34. The method for determining a depth of an incision according to Claim 29, 
wherein the elastic recoil is felt by the operator of the elongated member. 
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35. The method for determining a depth of an incision according to Claim 29, 
wherein the elongated member has an end configuration at the tip of the distal end 
which catches an anterior proxunal lip of the puncture site. 

36. The method for determining a depth of an incision according to Claim 29, 

5 wherein an outer diameter of the elongated member is larger than a diameter of the 

puncture of the blood vessel. 

37. The method for determining a depth of an incision according to Claim 29, 
wherein a depth indicating member which is slidably movable in a longitudinal 
direction on the elongated member is set to mark a depth of the puncture in the 

10 blood vessel. 

38. The method for determining a depth of an incision according to Claim 29, 
further comprising a step of inserting a portion of an extending member into the 
blood vessel. 
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39. The method for determining a depth of an incision according to Claim 38, 
wherein the extending member at least partially occludes the puncture in the blood 
vessel wall. 
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40. The method for determining a depth of an incision according to Claim 38, 
wherein a fluid from the blood vessel enters the extending member. 

41 . The method for determining a depth of an incision according to Claim 40, 
wherein the fluid from the blood vessel entering the extending member provides 

5 visual feedback to the operator. 

42. The method for determining a depth of an incision that extends from an 
epidermal layer to a puncture in a blood vessel, the method comprising the steps 
of: 

introducing an elongated member through the incision; 
10 providing visual feedback of a general location of the blood vessel puncture 

by venting blood through the elongated member; and 

providing specific tactile feedback of a specific location of the blood vessel 
puncture by contact between the elongated member and an exterior of the blood 
vessel puncture. 



15 



43. The method of Claim 42, wherein the visual feedback is provided by a 
control member at a distal end of the elongated member, the control member 
having a vent hole. 
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